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DESCRIPTION 

PHARMACEUTICAL COMPOSITION, REAGENT AND METHOD FOR 
INTRACEREBRAL DELIVERY OF PHARMACEUTICALLY ACTIVE 
INGREDIENT OR LABELING SUBSTANCE 

Technical Field 

The present invention relates to a pharmaceutical 
composition, a reagent and a method for intracerebral 
delivery of a pharmaceutically active ingredient or a 
labeling substance from blood, and so forth. 

Background Art 

The hibernation-specific protein was found as a 
protein of which amount changes in association with 
hibernation, which exists in blood of chipmunks and so 
forth (J- Biol. Chem., 267, 473-478 (1992)). The 
hibernation-specific protein includes four kinds of 
proteins (HP-20, HP-25, HP-27 and HP-55). HP-20, HP-25 
and HP-27 have similar structures containing a collagen- 
like sequence (repetitions of Gly-X-Y) in about 40 
residues of N-terminal amino acids, and HP-55 belongs to 
the al-antitryps in-like serpin superfamily, which shows 
inhibitory activity against elastase (Japanese Patent 
Application Laid-open (Kokai) No. 9-157299). These 
proteins are specifically expressed in livers of 
chipmunks and so forth, and secreted into blood. In 
blood, HP-20, HP-25 and HP-27 form a hetero trimer (HP- 
20c, molecular weight: about 80 kDa) by the collagen- 
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like triple helix structure and intermolecular disulfide 
bonds between the half-cystine residues existing at the 
both termini of the triple helix structure , and HP-55 
(molecular weight: about 60 kDa) is non-covalently 
bonded to the hetero trimer to form a complex. 

In the case of chipmunks, it is known that the 
amount of the hibernation-specific protein circannually 
changes in association with hibernation, and the amount 
thereof in blood increases in the non-hibernating period 
and remarkably decreases during hibernation. To the 
contrary, in cerebrospinal fluid (namely, inside of a 
brain), it remarkably increases during hibernation 
period. Furthermore, the hibernation-specific protein 
in the cerebrospinal fluid is dissociated into HP-20c 
and HP-55. In the non-hibernating time with little 
hibernation-specific protein in cerebrospinal fluid, the 
hibernation-specific protein level in cerebrospinal 
fluid is as low as 1/1000 to 1/2000 of the level in 
blood. Transportation of the hibernation-specific 
protein into a brain is induced by administration of 
thyroxine (10-250 pg/kg) to animals, and the 
hibernation-specific protein level in cerebrospinal 
fluid increases within 1 day after the administration 
and reach a 40 to 50. times higher level within several 
days after the administration. Furthermore, if the 
administration of thyroxine is stopped, it returns to 
the original level. 
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Disclosure of the Invention 

When it is intended to administer a 
pharmaceutically active ingredient or a labeling 
substance into a brain, substances that can be 
administered by a simple method such as administration 
into blood are limited, because the substance 
transportation from blood into a brain is strictly 
restricted. If there is provided a method enabling 
administration of a pharmaceutically active ingredient 
or a labeling substance into a brain by a simple method, 
it will become easy to transport the pharmaceutically 
active ingredient or the labeling substance into a brain 
at an organism level, and it will be extremely useful 
for diagnosis of brain diseases, tests for effects of 
drugs on the cerebral nerve system, development of novel 
drugs effective for the cerebral nerve system, 
elucidation of cerebral functions and so forth. 

An object of the present invention is to provide a 
pharmaceutical composition which can easily transport a 
pharmaceutically active ingredient into a brain, a 
reagent which can easily transport a labeling substance 
into a brain, and a method for delivering a 
pharmaceutically active ingredient or a labeling 
substance from blood into a brain. 

The inventor of the present invention assiduously 
studied in order to achieve the aforementioned object. 
As a result, it has been found that, if chipmunk blood 
plasma containing a hibernation-specific protein is 
intravenously administered to a nonhibernater not 
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producing the hibernation-specific protein to which 
thyroxine is administered, the hibernation-specific 
protein level in the cerebrospinal fluid of the animal 
was increased, and that fragments of the proteins 
constituting the hibernation-specific protein complex 
are sufficient for the formation of the hibernation- 
specific protein complex. Thus, the present invention 
has been accomplished. 

The present invention provides a pharmaceutical 
composition comprising a conjugate that comprises one or 
more pharmaceutically active ingredients bound to a 
hibernation-specific protein {hereinafter also referred 
to as "pharmaceutical composition of the present 
invention" ) , and a reagent comprising a conjugate that 
comprises one or more pharmaceutically active 
ingredients bound to a hibernation-specific protein 
(hereinafter also referred to as "reagent of the present 
invention" ) . 

Preferably, the pharmaceutical composition of the 
present invention and the reagent of the present 
invention further comprise a thyroid hormone substance 
or a substance enhancing secretion and production 
thereof. 

In the pharmaceutical composition of the present 
invention or the reagent of the present invention, the 
hibernation- specific protein may be each of the 
hibernation-specific proteins or a fragment thereof, or 
a complex constituted by them, for example, a complex 
between HP-20c and HP-55, a complex between a fragment 
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of HP-20c and HP-55, a complex between HP-20c and a 
fragment of HP-55, a complex between a fragment of HP- 
20c and a fragment of HP-55 and so forth.. 

In the pharmaceutical composition of the present 
invention, the pharmaceutically active ingredient or the 
labeling substance may be bonded to either one or both 
of HP-20c or a fragment thereof and HP-55 or a fragment 
thereof. 

The present invention also provides an agent for 
inducing delivery of an intracerebrally transferable 
protein or a conjugate that comprises one or more 
pharmaceutically active ingredients or one or more 
labeling substances bound to an intracerebrally 
transferable protein, into a brain, which comprises a 
thyroid hormone substance or a substance enhancing 
secretion and production thereof as an active ingredient 
(hereinafter also referred to as "delivery- inducing 
agent of the present invention"). 

The present invention further provides a method 
for delivering a pharmaceutically active ingredient or a 
labeling substance into a brain, which comprises binding 
the pharmaceutically active ingredient or the labeling 
substance to a hibernation-specific protein to obtain a 
conjugate, and administering the conjugate together with 
a thyroid hormone substance or a substance enhancing 
secretion and production thereof (hereinafter also 
referred to as "delivery method of the present 
invention" ) . 
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Brief Explanation of the Drawings 

Fig. 1 shows the results of Western blot using 
rabbit antibodies directed to each of HP-22, HP-25, HP- 
27 and HP-55, which represent HP in blood and 
cerebrospinal fluid after administration of chipmunk 
plasma to thyroxine-treated rats. 

Fig. 2 shows the results of immunohistochemical 
analysis of HP taken up into cerebral choroid epithelium 
cells of thyroxine-treated chipmunks. 

Fig. 3 shows structures of HP-20c and HP-55. In 
the figure, the lines connecting two of C indicate that 
cystine is formed between them, and CHO indicates 
addition of a sugar chain. The boxed portions indicate 
such portions that, even if they are deleted, the 
association ability of HP-20c and HP-55 is maintained. 
The structures of HP-27, HP-25, HP-20 and HP-55 shown in 
the figure correspond to the sequence position of amino 
acid residues 31-215 shown in SEQ ID NO: 1, the sequence 
position of amino acid residues 29-215 shown in SEQ ID 
NO: 2, the sequence position of amino acid residues 24- 
196 shown in SEQ ID NO: 3, and the sequence position of 
amino acid residues 25-413 shown in SEQ ID NO: 4, 
respectively . 

Fig. 4 shows the partial structures of HP-20c and 
HP-55 having the association ability. In the figure, 
the lines connecting two of c indicate that cystine is 
formed between them. SH indicates a free sulfhydryl 
group, and CHO indicates addition of a sugar chain. The 
partial structures of HP-27, HP-25, HP-20 and HP-55 
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shown in the figure correspond to the sequence position 
of amino acid residues 76-205 shown in SEQ ID NO: 1, the 
sequence position of amino acid residues 76-205 shown in 
SEQ ID HO: 2, the sequence position of amino acid 
residues 61-186 shown in SEQ ID NO: 3, and the sequence 
position of amino acid residues 279-413 shown in SEQ ID 
NO: 4, respectively. 

Best Mode for Carrying out the Invention 

Hereafter, embodiments of the present invention 
will be explained in detail. 

<1> Pharmaceutical composition of the present invention 

The pharmaceutical composition of the present 
invention contains a conjugate that comprises one or 
more pharmaceutically active ingredients bound to a 
hibernation- specific protein (this will also be referred 
to simply as "drug conjugate'' hereinafter). 

In the present invention, the hibernation-specific 
protein (this is also abbreviated as "HP" hereinafter) 
means, for example, the four kinds of the hibernation- 
specific proteins specific for hibernation found in 
chipmunks, fragments thereof, or a complex constituted 
by those proteins or fragments thereof. The four kinds 
of protein are called HP-27, HP-25, HP-20 and HP-55, and 
their typical amino acid sequences are shown in SEQ ID 
NOS: 1-4, respectively. These proteins are not limited 
to those having the amino acid sequences shown in SEQ ID 
NOS: 1-4, and include allogeneic mutants thereof. 

HP-27, HP-25 and HP-20 form a hetero trimer (HP- 
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20c, molecular weight: about 80 kDa) by the collagen- 
like triple helix structure and intermolecular disulfide 
bonds between the half -cystine residues existing at the 
both termini of the triple helix structure, and HP-55 
(molecular weight: about 60 kDa) is non-covalently 
bonded to the hetero trimer to form a complex. The 
aforementioned fragments are not particularly limited, 
so long as they possess an ability to form such a 
complex and the complex has an ability to transfer from 
blood into a brain, and include those fragments of the 
aforementioned four kinds of the proteins, obtained by 
partial digestion of the proteins. When HP has any 
activity against an animal organism to which HP is 
administered, to affect the animal organism, it is 
effective to delete or inactivate an active center of HP. 
The ability to form a complex and the ability to 
transfer from blood into a brain can be evaluated by 
such methods as described in the Examples mentioned 
hereinafter. 

The HP complex may be a complex between HP-20c and 
HP-55, or a complex in which either one or both of HP- 
20c and HP-55 are fragments thereof. A fragment of HP- 
20c means a complex in which at least one of the 
proteins constituting HP-20c is digested. 

The pharmaceutically active ingredient is a 
substance that exerts a pharmaceutical action on brain 
cells, and is not particularly limited so long as it can 
transfer from blood into a brain as the conjugate that 
comprises one or more pharmaceutically active 
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ingredients bound to the HP complex, according to the 
present invention. The pharmaceutically active 
ingredient may be labeled by bonding the substance for 
labeling as mentioned later thereto. Examples of the 
action of the pharmaceutically active ingredient include 
treatment of diseases in a brain, and specific examples 
of the pharmaceutically active ingredient include 
antitumor (anticancer) agents, antibiotics, agents for 
treating autoimmune deficiency syndrome (AIDS), agents 
for treating neuropathic diseases such as Parkinson's 
disease, neuro degenerative disease, multiple sclerosis, 
Arzheimer's disease and depression, anodynes, migraine- 
treating agents, and epilepsy-treating agents. 

Also, examples of the pharmaceutically active 
ingredient having such an action, used in the present 
invention, include macromolecular compounds, hydrophilic 
compounds, and compounds having a number of polar 
functional groups, which by themselves can not reach a 
brain from blood. Specifically, examples of the 
antitumor agents includes methotrexate, adriamycin, 
cisplatin, cyclophosphamide, etoposide, and carboplatin. 
Examples of the antibiotics include amphotericin B, and 
gentamycin. Examples of the agents for treating 
neuropathic diseases include neurotrophic factors such 
as NGF (nerve growth factor), BDNF (brain-derived 
neurotrophic factor), CNTF (ciliary neurotrophic factor), 
gdnf (glial cell line-derived neurotrophic factor), nt-3 
( neuro trophin 3), NT-4 (neurotrophin 4), NT- 5 
(neurotrophin 5), bFGF (basic fibroblast growth factor), 
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aFGF (acidic fibroblast growth factor), and EFG 
(epithelial growth factor); nerve system-acting 
cytokines such as interferon a, interferon (3, interferon 
Y, IL-1 (interleukin 1), IL-2 ( inter leukin 2), IL-3 
(interleukin 3), il-4 (interleukin 4), IL-5 (interleukin 
5), IL-6 (interleukin 6), TNF (tumor necrosis factor), 
GM-CSF (granulocyte macrophage colony stimulating 
factor), G-CSF (granulocyte colony stimulating factor), 
M-CSF (macrophage colony stimulating factor), and PDGF 
(platelet-derived growth factor); antagonists and 
agonists of hormones and neurotransmitters, such as 
somatostatin, oxytocin, vasopressin, guaranine, VIP 
(vasoactive intestinal polypeptide), 

adorenocorticotrophic hormone, CCK (cholecystokinin) , 
substance p, bombesin, motilin, glicentin, glucagon, 
glucagon-like peptide, dopamine decarboxylase, 
tricosanthin, and adenosine; and neurotransmitters such 
as dopamine, GABA (y-aminobutyric acid), acetylcholine, 
serotonin, noradrenalin, and various neuropeptides. 
Examples of the AIDS-treating agents include nucleic 
acid derivatives having anti-HIV activity, such as AZT 
(azidethymidine) , dideoxyinosine and dideoxycytosine. 

Derivatives of any of the above-mentioned 
pharmaceutically active ingredients are also used as the 
pharmaceutically active ingredient in the present 
invention . 

A conjugate that comprises one or more 
pharmaceutically active ingredients bound to HP can be 
formed by binding HP and the pharmaceutically active 
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ingredient ( s ) by a method generally known as a method 
for binding a protein and one or more pharmaceutically 
active ingredients. Binding mode and binding sites of 
HP to the pharmaceutically active ingredient ( s ) are not 
particularly limited so long as the formed conjugate can 
transfer from blood into a brain. The ability to 
transfer from blood into a brain can be evaluated by 
such a method as described in the Examples mentioned 
hereinafter. Specifically, binding of HP and the 
pharmaceutically active ingredient may be performed by 
introducing an appropriate functional group at a site 
not affecting the activity of the pharmaceutically 
active ingredient, if necessary, and using an 
appropriate crosslinker and the like. Examples of the 
crosslinker include ones forming a peptide bond such as 
EDAC ( l-ethyl-3- (3-dimethylaminopropyl)carbodiimide) , 
ones forming a disulfide bond such as SPDP {N- 
succinimidyl-3-(2-pyridylthio) propionate) and cystamine, 
but are not limitted thereto. Also, protein 
crosslinkiers having additional function such as spacer 
function may be used and examples thereof include 
glutaraldehyde , DIPS {4,4' -diisothiocyanosthlbene-2 , 2 ' - 
disulfonic acid), EMCS (N-(E- 

maleimidocaproyloxy)succinimide) , GMBS (K-(gamma- 
maleimidobutyloxy)succinimide) , DSP 
(dithiobis (succinijnidylpropionate) and DTBPA (4,4'- 
dithiobis-phenylazaide) . Order of the formation of HP 
complex and the binding of the pharmaceutically active 
ingredient is not also limited. For example, it is 
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possible to (1) bind a pharmaceutically active 
ingredient to a complex between HP-2 0c and HP-55, (2) 
bind a pharmaceutically active ingredient to HP-55, and 
then allow association of them with HP-20c, (3) bind a 
pharmaceutically active ingredient to HP-55, and then 
allow association of them with HP-20c, or the like. 
Furthermore, the pharmaceutically active ingredient may 
be bound to either one or both of HP-20c or a fragment 
thereof and HP-55 or a fragment thereof. As to the site 
to which the pharmaceutically active ingredient binds, 
of HP or a fragment thereof, because HP-20c and HP-55 
forms a complex as described below, the site is 
preferable a site which does not inhibit binding of HP- 
20c or a fragment thereof and HP-55 or a fragment 
thereof and which is not exposed on a surface in the 
steric structure of the protein as much as possible. 
The site is preferably close to the binding site of HP- 
20c or a fragment thereof and HP-55 or a fragment 
thereof. Specifically, in the case of HP-20c, it is 
preferably C-terminal side from 7lCys in SEQ ID NO: 3, 
and 11 leys is particularly preferable because it is a 
free sulfhydryl group, in the case of HP-55, it is 
preferably C- terminal side from, for example, 278Met 
in SEQ ID NO: 4, more preferably from 379Gln to 413Gln. 
With respect to the ratio of the pharmaceutically active 
ingredient to be bound and HP or a fragment thereof, the 
pharmaceutically active ingredient may be bound to all 
of active groups of HP or a fragment thereof using a 
protein crosslinker or the like, or may be bound part of 
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the active groups. If it is desired to bind the 
pharmaceutically active ingredient to a certain site- 
specific active group, it can be performed, for example, 
by masking the same kind of active groups at the other 
sites. Two or more kinds of the pharmaceutically active 
ingredients may be bound to one HP or a fragment thereof. 
The pharmaceutical composition prepared by binding as 
mentioned above may be evaluated for its ability to 
transfer into a brain according to such a method as 
described in the Examples mentioned hereinafter, or may 
be evaluated for activity of the pharmaceutically active 
ingredient, whether or not the conjugate itself has an 
active form or the like according to known methods, to 
screen one which is the best as the pharmaceutical 
composition of the present invention. 

The conjugate can be contained in the 
pharmaceutical composition of the present invention also 
includes one in which both of one or more 
pharmaceutically active ingredients and one or more 
substances for labeling as mentioned later are bound to 
one HP or a fragment thereof, one in which one or more 
pharmaceutically active ingredients are bound to one of 
proteins constituting the HP complex or fragments 
thereof and one or more substances for labeling bound to 
another of the proteins or fragments thereof, and one 
which is a combination thereof. 

The pharmaceutical composition of the present 
invention preferably further contains a thyroid hormone 
substance or a substance enhancing secretion and 
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production thereof. In this specification, the thyroid 
hormone substance means a thyroid hormone, a substance 
exhibiting thyroid hormone-like action, or a structural 
analogue of a thyroid hormone. 

The thyroid hormone is preferably thyroxine or 
triiodothyronine . 

The substance exhibiting thyroid hormone-like 
action and the structural analogue of the thyroid 
hormone mean a substance exhibiting action equivalent to 
a thyroid hormone used in the present invention, and 
they are not particularly limited so long as they exert 
action of transferring a conjugate that comprises one or 
more pharmaceutically active ingredients bound to HP, 
from blood to a brain. 

Examples of the substance enhancing secretion and 
production of the thyroid hormone substance include a 
substance enhancing production and secretion of a 
thyroid hormone in thyroid, and specific examples 
thereof include thyroid-stimulating hormone (TSH), 
thyrotropin-releasing hormone (TRH) and so forth. 

The pharmaceutical composition of the present 
invention may contain a pharmaceutically acceptable 
carrier in addition to the drug conjugate and the 
thyroid hormone substance. 

The administration method and the dose of the 
pharmaceutical composition of the present invention may 
be similar to the administration method and the dose of 
the drug conjugate as will be explained hereinafter 
concerning the delivery method of the present invention. 
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Dosage form and content of the drug conjugate of 
the pharmaceutical composition of the present invention 
can be suitably decided by those skilled in the art 
according to the administration method, the dose and so 
forth. If the pharmaceutical composition of the present 
invention contains the drug conjugate and the thyroid 
hormone substance or a substance enhancing secretion and 
production thereof, they do not necessarily need to be 
mixed and the pharmaceutical composition of the present 
invention include those wherein they are contained 
individually and combined. 
<2> Reagent of the present invention 

The reagent of the present invention contains a 
conjugate that comprises one or more labeling substances 
bound to a hibernation-specific protein (this will be 
also referred to simply as ''labeled conjugate" 
hereinafter), and is used as an imaging agent for 
encephalography, for diagnosis of cerebral diseases, 
screening for elucidation of brain functions and so 
forth. 

The hibernation-specific protein and the 
hibernation-specific protein complex may be the same as 
those described above for the pharmaceutical composition 
of the present invention. 

The labeling substance is not particularly limited 
so long as it is a substance labeled with a substance 
usually used for labeling. Examples of the substance 
used for labeling include, for example, fluorescent 
substances, radioisotopes or the like, coloring matters, 
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biotin and so forth. Antibodies and so forth can also 
be used. 

As for the conjugate that comprises one or more 
labeling substances bound to the hibernation-specific 
protein, the production method, the order of binding and 
the structure of the labeled conjugate may be similar to 
those described above for the drug conjugate of the 
pharmaceutical composition of the present invention. 

The reagent of the present invention preferably 
further contains a thyroid hormone substance or a 
substance enhancing secretion and production thereof. 
The thyroid hormone or the substance enhancing secretion 
and production thereof similar to one described above 
for the pharmaceutical composition of the present 
invention can be used. 

The reagent of the present invention may contain a 
solvent usually used for injections, physiologically and 
pharmaceutical^ acceptable carrier and so forth, in 
addition to the labeled conjugate and the thyroid 
hormone substance or the substance enhancing secretion 
and production thereof. 

The administration method and the dose of the 
reagent of the present invention can be suitably 
selected according to purposes of screening and so forth. 

The dosage form, the content of the labeled 
conjugate and so forth of the reagent of the present 
invention can be suitably selected by those skilled in 
the art according to the administration method, the dose, 
the purpose of screening and so forth. When the reagent 
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of the present invention contains the labeled conjugate 
and the thyroid hormone substance or the substance 
enhancing secretion and production thereof, they do not 
necessarily need to be mixed, and the reagent of the 
present invention include those wherein they are 
contained individually and combined. 

<3> Delivery- inducing agent of the present invention 

The delivery- inducing agent of the present 
invention contains a thyroid hormone substance or a 
substance enhancing secretion and production thereof as 
an active ingredient, and induces delivery of an 
intracerebrally transferable protein or a conjugate that 
comprises one or more pharmaceutic ally active 
ingredients or one or more labeling substances bound to 
an intracerebrally transferable protein, into a brain. 

The thyroid hormone substance or the substance 
enhancing secretion and production thereof, the 
pharmaceutically active ingredient and the labeling 
substance may be similar to those described above for 
the pharmaceutical composition of the present invention 
and the reagent of the present invention. 

The intracerebrally transferable protein means a 
protein that can transfer from blood into a brain upon 
administration of the thyroid hormone substance or the 
substance enhancing secretion and production thereof. 
The ability to transfer from blood into a brain can be 
evaluated by, for example, measuring amounts of 
intracerebrally transferable protein in the brain or 
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cerebrospinal fluid with or without administration of 
the thyroid hormone substance or the substance enhancing 
secretion and production thereof by using such a method 
as described in the Examples mentioned hereinafter. 

Examples of the intracerebrally transferable 
protein include HP. The intracerebrally transferable 
protein may be a fragment so long as its transfer into a 
brain is not inhibited. Preparation of a conjugate that 
comprises one or more pharmaceutically active 
ingredients or one or more labeling substances bound to 
an intracerebrally transferable protein can be performed 
in the same manner as explained above for the 
preparation of the conjugate that comprises one or more 
pharmaceutically active ingredients or one or more 
labeling substances bound to HP or a fragment thereof as 
for the pharmaceutical composition of the present 
invention and the reagent of the present invention. 

The delivery-inducing agent of the present 
invention may contain a physiologically and 
pharmaceutically acceptable carrier and so forth in 
addition to the thyroid hormone substance or the 
substance enhancing secretion and production thereof. 
The administration method and the dose of the delivery- 
inducing agent of the present invention may be similar 
to the administration method and the dose of the thyroid 
hormone substance or the substance enhancing secretion 
and production thereof explained hereinafter as for the 
delivery method of the present invention. Specifically,, 
the dosage form, the content of the thyroid hormone 
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substance or the substance enhancing secretion and 
production thereof and so forth of the delivery- inducing 
agent of the present invention can be suitably selected 
by those skilled in the art according to the 
administration method, the dose, the purpose of 
screening and so forth. 

<4> Delivery method of the present invention 

The delivery method of the present invention is a 
method for delivering a pharmaceutically active 
ingredient or a labeling substance into a brain, which 
comprises binding the pharmaceutically active ingredient 
or the labeling substance to a hibernation-specific 
protein to obtain a conjugate, and administering the 
resultant drug or labeled conjugate together with a 
thyroid hormone substance or a substance enhancing 
secretion and production thereof. 

The pharmaceutically active ingredient, the 
labeling substance, HP and the thyroid hormone substance 
or the substance enhancing secretion and production 
thereof may be similar to those explained for the 
pharmaceutical composition of the present invention and 
the reagent of the present invention. 

The binding of the pharmaceutically active 
ingredient or the labeling substance to HP can be 
performed in the same manner as explained for the 
preparation of a conjugate that comprises one or more 
pharmaceutically active ingredients or one or more 
labeling substances bound to HP as for the 
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pharmaceutical j composition of the present invention and 
the reagent of the present invention. 

In the delivery method of the present invention, 
the expression of "administering the drug or labeled 
conjugate together with a thyroid hormone substance or a 
substance enhancing secretion and production thereof" 
means that the drug or labeled conjugate and the thyroid 
hormone substance or the substance enhancing secretion 
and production thereof are administered so that there 
are attained levels of the both sufficient for causing 
transfer of the conjugate into a brain, and the 
administration is not limited to simultaneous 
administrations of the drug or labeled conjugate and the 
thyroid hormone substance or the substance enhancing 
secretion and production thereof. Therefore, either of 
the administration of the drug or labeled conjugate and 
the administration of the thyroid hormone substance or 
the substance enhancing secretion and production thereof 
may precede the other, or the both may be performed 
simultaneously. Preferably, the thyroid hormone 
substance or the substance enhancing secretion and 
production thereof is administered precedently. 

Although the administration method of the drug or 
labeled conjugate is not particularly limited, it is 
preferable to administer the conjugate into blood. The 
administration into blood can be attained by, for 
example, intravenous injection; Dose can be suitably 
decided by those skilled in the art according to the 
body weight, age, condition of an object of 
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administration ? the kind of the pharmaceutical^ active 
ingredient or the labeling substance, the purpose of 
screening and so forth. 

The administration method of the thyroid hormone 
substance or the substance enhancing secretion and 
production thereof also is not particularly limited so 
long as such a level of the thyroid hormone substance or 
the substance enhancing secretion and production thereof 
that the drug or labeled conjugate can transfer from 
blood into a brain. For example, it can be 
intravenously or intraperitoneally administered singly 
or intravenously as a pharmaceutical composition 
together with the drug conjugate. The dose of the 
thyroid hormone substance or the substance enhancing 
secretion and production thereof can be suitably decided 
by those skilled in the art according to the kind of the 
thyroid hormone substance or the substance enhancing 
secretion and production thereof, the body weight, age, 
condition of an object of administration and so forth. 

The present invention is based on the following 
findings . 

After chipmunk plasma containing HP (HP-containing 
plasma) was administered to a rat, a nonhibernater, that 
did not produce HP, HP could be detected in the blood of 
the animal, but HP could not be detected in the 
cerebrospinal fluid. After thyroxine (250 pg/kg) was 
administered to a rat every day for 1 week, or one day 
after thyroxine (100 vg/kg) was administered to a rat, 
increase of HP in the cerebrospinal fluid could be 
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detected within 2-3 hours after the administration of 
the HP-containing plasma in the same amount as that 
before the thyroxine treatment. 

Further, when choroid plexus epithelium cells of 
chipmunk in which intracerebral HP was increased by 
thyroxine treatment (10-250 ^ig/kg/day) were 
immunohistochemically stained by using an anti-HP-20c 
antibody, a strong positive reaction to the anti-HP-20c 
antibody was detected in the cytoplasm. This 
demonstrated that HP in blood was transported into the 
cerebrospinal fluid through choroid plexus, which is the 
blood-cerebrospinal fluid barrier. 

The above observations means an unexpected result 
that HP, which is a heterogenous protein for a rat, was 
transported from blood into cerebrospinal fluid (into a 
brain) through the blood-cerebrospinal fluid barrier in 
the rat. 

In order to determine a structure of HP effective 
for the transportation, structures of HP-20c and HP-55 
having the ability to form a complex were investigated. . 
As a result, HP-20c maintained the association ability 
with HP-55, even if about 40 of its N-terminus residues 
and about 10 of its C-terminus residues (boxed portions 
in Fig. 3) were partially deleted, and HP-55 could 
associate with HP-20c if about 150 residues from Met255 
(this numbering corresponds to that used in the amino 
acid sequence shown in Fig. 3 (this residue corresponds 
to the amino acid number 27 9 in SEQ ID NO: 4)) to the C- 
terminus side (sequence shown in Fig. 3 except for the 
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boxed portion) were present. 

From the above results, it was found that HP-20c 
and HP-55 could form a complex if they had the 
structures mentioned above. Therefore, since it is not 
considered that conservation of the whole structure of 
HP is essential for the transportation from blood into a 
brain, it is concluded that HP can be modified without 
affecting the transfer from blood into a brain. 

Based on the above results, there was established 
a system for transporting a pharmaceutically active 
ingredient or a labeling substance from blood into a 
brain after administrations of a conjugate that 
comprises one or more pharmaceutically active 
ingredients or one or more labeling substances bound to 
HP, and the thyroid hormone substance into blood. 

By using the method of the present invention 
utilizing HP and the thyroid hormone or the substance 
enhancing secretion and production thereof, 
intracerebral administration of an arbitrary 
pharmaceutically active ingredient or an arbitrary 
labeling substance can be artificially controlled. That 
is, the method of the present invention makes it 
possible to transport an arbitrary desired 
pharmaceutically active ingredient or an arbitrary 
desired labeling substance into a brain at an arbitrary 
particular time by administering the pharmaceutically 
active ingredient or the labeling substance bound to HP 
into blood and utilizing activation of the 
transportation ability from blood into a brain caused by 
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a thyroid hormone substance. Further, since HP forms a 
complex in blood and dissociates in a brain, it can also 
be realized that a pharmaceutically active ingredient 
and so forth delivered by this method should not exert 
its efficacy when it exists in blood, but can exert the 
efficacy only in a brain. 

Example 

Hereafter, the present invention will be further 
specifically explained with reference to the following 
example . 
[Example 1] 

(1) Transportation of HP in blood into rat cerebrospinal 
fluid 

To a 12-week old rat, 0.4 ml of plasma collected 
from an adult chipmunk of a non-hibernating period 
{containing a complex between HP-20c and HP-55, 
referred to as "HP-containing plasma" hereinafter) was 
intravenously administered. Blood and cerebrospinal 
fluid were taken 2-3 hours after the administration, and 
HP in these samples was detected by Western blot using 
anti-HP antibodies (rabbit antibodies each directed to 
HP-20, HP-25, HP-27 and HP-55). The plasma in an amount 
of 0.13 jil and the cerebrospinal fluid in an amount of 
20 jLfl were used for analysis. As a result, HP could be 
detected in the blood, but HP could not be detected in 
the cerebrospinal fluid {Fig. 1, a). After thyroxine 
was intraperitoneally administered to a rat {250 f/g/kg) 
every day for 1 week, the HP-containing plasma was 
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administered to the rat in the same manner as above, and 
HP in the blood and cerebrospinal fluid was detected. 
As a result, increase of HP could be detected in the 
cerebrospinal fluid within 2 to 3 hours after the 
administration. The results obtained after 2 hours are 
shown in Fig. 1, b. When the HP-containing plasma was 
administered once to a rat in the same manner as above 1 
day after intraperitoneal administer at ion of thyroxine 
(100 ^g/kg), the same results were obtained. 

(2) Mechanism of transportation 

Thyroxine was intraperitoneally administered to an 
adult chipmunk at a non-hibernating period at a dose of 
10 to 250 ^g/kg/day for six days. Intracerebral choroid 
plexus epithelium cells were isolated from this 
thyroxine-treated chipmunk. This sample was 
immunohistochemically stained by using an anti-HP-20c 
antibody. As a result, a strong positive reaction to 
the anti-HP-20c antibody was detected in the cytoplasm 
(Fig. 2). This demonstrated that HP in blood was 
transported into the cerebrospinal fluid through choroid 
plexus, which is the blood-cerebrospinal fluid barrier. 

(3) Determination of modifiable site of HP 

The portions for ability to form a complex were 
investigated in the structures of HP-20c and HP-55. The 
complex between HP-20c and HP-55 dissolved in 
physiological saline (phosphate buffered saline, PBS) 
was mixed with collagenase in a weight ratio of 2:1, and 
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incubated at 37°C for 3 hours. The digestion products 
were separated by gel permeation chromatography (GPC) to 
isolate the partially digested HP (C-HP). C-HP in an 
amount of 4 mg was mixed with 1 mg of lysyl 
endopeptidase, and incubated at 3 7°C for 5 hours for 
further partial digestion. The digestion products were 
separated by GPC to isolate the partially digested HP 
forming the complex. The obtained partially digested HP 
was further digested with lysyl endopeptidase in 50 mM 
Tris /hydrochloric acid buffer (pH 8.5) in the presence 
of 4 M urea, and the digestion products were separated 
by reverse phase HPLC. The peaks were each collected 
and attributed to peptides of HP-20c and HP-55 by 
comparison with peptide maps of HP-20c and HP-55 
prepared similarly to determine the portions having the 
ability to form the complex. 

As a result, HP-2Qc maintained the association 
ability with HP-55, even if about 40 of its N-terminus 
residues and about 10 of its C-terminus residues (boxed 
portion in Fig. 3) were partially deleted, and HP-55 
could associate with HP~20c if about 150 residues from 
Met255 (this numbering corresponds to that used in the 
amino acid sequence shown in Fig. 3 (this residue 
corresponds to the amino acid number 279 in SEQ ID NO: 
4)) to the C-terminus side (sequence shown in Fig. 3 
except for the boxed portion) were present. From the 
above results, it was found that HP-20c and HP-55 could 
form a complex if they had the partial structures shown 
in Fig. 4. 
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From the above results, there was established a 
system for transporting a pharmaceutically active 
ingredient or a labeling substance from blood into a 
brain by administrations of a conjugate that comprises 
one or more pharmaceutically active ingredients or one 
or more labeling substances bound to HP, and a thyroid 
hormone substance or a substance enhancing secretion and 
production thereof into the blood. 

Industrial Applicability 

As explained above, the present invention provides 
a pharmaceutical composition which can easily transport 
a pharmaceutically active ingredient into a brain, and a 
reagent which can easily transport a labeling substance 
into a brain. These can be effective means for 
treatment, prevention and diagnosis of cerebral diseases 
and so forth. Further, according to the present 
invention, a pharmaceutically active ingredient or a 
labeling substance can be easily delivered into a brain 
by administration into blood. This further makes it 
easy to deliver various substances into a brain at an 
organism level, and provides novel means for 
investigations including elucidation of effects of drugs 
on the cerebral nerve system and elucidation of cerebral 
functions, development of novel drugs effective for the 
cerebral nerve system and so forth. 
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CLAIMS 

1. A pharmaceutical composition comprising a 
conjugate that comprises one or more pharmaceutically 
active ingredients bound to a hibernation-specific 
protein . 

2. The pharmaceutical composition according to 
Claim 1, which further comprises a thyroid hormone 
substance or a substance enhancing secretion and 
production thereof. 

3. The pharmaceutical composition according to 
Claim 1 or 2, wherein the hibernation-specific protein 
is a complex between HP-20c and HP-55. 

4. The pharmaceutical composition according to 
Claim 1 or 2, wherein the hibernation-specific protein 
is a complex between a fragment of HP-20c and HP-55, a 
complex between HP-20c and a fragment of HP-55, or a 
complex between a fragment of HP-20c and a fragment of 
HP-55. 

5. The pharmaceutical composition according to 
Claim 3 or 4, wherein the pharmaceutically active 
ingredient is bonded to either one or both of HP-20c or 
a fragment thereof and HP-55 or a fragment thereof. 

6. a reagent comprising a conjugate that comprises 
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one or more labeling substances bound to a hibernation- 
specific protein. 

7. The reagent according to Claim 6, which further 
comprises a thyroid hormone substance or a substance 
enhancing secretion and production thereof. 

8. The reagent according to Claim 6 or 7, wherein 
the hibernation-specific protein is a complex between 
HP-20c and HP-55. 

9. The reagent according to Claim 6 or 7, wherein 
the hibernation-specific protein is a complex between a 
fragment of HP-20c and HP-55, a complex between HP-20c 
and a fragment of HP-55, or a complex between a fragment 
of HP-20c and a fragment of HP-55. 

10. The reagent according to Claim 8 or 9, wherein 
the labeling substance is bonded to either one or both 
of HP-20c or a fragment thereof and HP-55 or a fragment 
thereof. 

11. An agent for inducing delivery of an 
intracerebrally transferable protein or a conjugate that 
comprises one or more pharmaceutic ally active 
ingredients or one or more labeling substances bound to 
an intracerebrally transferable protein, into a brain, 
which comprises a thyroid hormone substance or a 
substance enhancing secretion and production thereof as 



WO 01/60411 



30 



PCT/JPO 1/01167 



an active ingredient. 

12. A method for delivering a pharmaceutical ly 
active ingredient or a labeling substance into a brain, 
which comprises binding the pharmaceutically active 
ingredient or the labeling substance to a hibernation- 
specific protein to obtain a conjugate, and 
administering the conjugate together with a thyroid 
hormone substance or a substance enhancing secretion and 
production thereof. 
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a. Before Thyroxine Treatment b. After Thyroxine Treatment 



Cere bros pinal Cerebrospinal 
Plasma Fluid " Plasma Fluid" 




Fig. 1 
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Structure of HP-20c 



HP-27 : 
HP-25 s 
HP-20 r 



ETQGHPES CKAPGPQGPP GMQGPPGXPG KPGPPGWNGF PGZ.PGPP 
DSHNQGNSEP CGPPGPPGPP GIPGFPGAPG ALGPPGPPGV PGIPGPQ 
SGPPgPVGYP OVPGVPGPRG PPGQPGAAGR PGDPGPK 



GPP 
GPP 
GPS 



GMTVHCHSRG TSAFAVKANE LPPAPSQPVI FKEALHDAQG HFDIATGVFT 
GDVEKC3SRP KSAFAVKLSE RPPEPFQPIV FXEALTNQEG HFNHATGEFS 
V KCPCRE RSAFXVKFSG PJuPPPSEPW FSEVLYHTQR DLKESTGVFN 

SH cho 

CPVPGLXQFG FHIEAVQRAV KVSLKRMGTQ VMEREABAQD GYEHISGTAI 

SH CHO 

CVLPGVZHFG FDIRLFQSSV KIRUiRDGIQ VREKEAOAND SYXKAMGSVI 
CVEPGHYHFS FDVKUtHCKC XXGLMKHHXQ VHEXBQ.LSKH- EXEHASGAMt 



XiQLGME DRVK XSHKZ.SQ3DI.- ERQTVQ* (VFS GFUHEH 



MALGKGDKVH . LESKLKGTES EXGITHIVFF OXIiUGK 



MPLRQGDKVW LEADVETEEP PQAKW CTFS GFLISS 



Structure of HP-55 



QDAQETEASK QDQBHPASHR IAPHT.AKFAL SLXRVLARQS NTTNIFFSPV 
SIASALAMLS LGTKGDTHTQ ILEGLDFNLT EHAEftDIHQG FQHLLOJLHR 
PNTQLQLTSG HVLFIHQNLK LLDKFLENIK SLYHSEAFPT NFTNMEEARQ 
QINSYVEKGT QGKIVELVKE LDSDTVLALV NYIFFKGKWL KPFNVKNIRE 
EDFHVDEATT VRVPMMYRVG MFPVHICRTL ASLVLQMDYL GNATAIFLLP 



DKGKS4QHLED TISTEILSKL LKDRQTSKYQ VYFPRVSISG TYDLKDVLSS 
1255 



LGITRVFSRV ADLSGVTEDA PLTVSKVLHK AVLDMDEEGT EAAGGTVLGA 
EAMLQAPIMK FDRPFLWIY EHNTKSPLFV GKWNPTQQ 



Fig. 3 
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Partial Structure of HP-20c 



HP-27 : GPP 
HP-25 : GPP 
HP-20 : GPS 

GMTVMCHSKG TSAFAVKANS LP PAPS QP VI FXEALHDAOG HFDLATGVFT 
\ 

GDVEKCSLSRP KSAFAVKLSE RPPEPFQPIV FKEALYNQEG HFKMATGEFS 
V KCPCRB RSAFTVKFSG RLPPPSEPW FTEVLXHTftR DLKESTGVFN 

SH CHO 

CPVPGLYQFG F H I EAVORAV KVSLMRNGTQ VMEREABAQD GTEHISGTAI 

SH CHO 
CVLPGVYNFG FDIRLPQSSV KIRLMRDGIQ VREKEAQAND SYKHAMGSVI 

CVEPGKYHFS FDVELYHC KV KIGLMKMHIQ VMEKHQLSKH EYENASGAMI 

LQLGMEDRVK LEHKLSQTOL BRGSVQA 
HALGKGDKVH LESKLKGTES EKGITHI 
HPLRQGDKVH LEADVETEEP DfiAKW 



Partial Structure of HP-55 

MQHLED TISTEILSKL LKDRQ2SKXQ VYFPRVSISG TYDLKDVLSS 
LGITRVFSRV ADLSGVZEDA PLXVSKVLHK AVLDMDEEGT EAAGGTVLGA 
EAMLQAPIMK FDRPFLWII EHNTKSPLFV GKWNPTQQ 



Fig. 4 
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Sequence Listing 

<110> Kanagawa Academy of Science and Technology 
Mitsubishi Chemical Corporation 

<120> Pharmaceutical Composition, Reagent and Method for Intracerebral D 
elivery of Pharmaceutical ly Active Ingredient or Labeling Substance 

<130> 0P1157-PCT 

<150> JP 2000-41303 
<151> 2000-02-18 

<160> 4 

<210> 1 
<211> 215 
<212> PRT 

<213> Tamias asiaticus 
<400> 1 

Met Tyr Glu Ala Gly Lys Arg Ala Ser Phe Met Gly Gly Ala Gly He 

1 5 10 15 

Trp He Leu Ala Leu Ser Val Leu Met His Val Val Cys Ser Glu Thr 

20 25 30 

Gin Gly Asn Pro Glu Ser Cys Asn Val Pro Gly Pro Gin Gly Pro Pro 

35 40 45 

Gly Met Arg Gly Pro Pro Gly Thr Pro Gly Lys Pro Gly Pro Pro Gly 

50 55 60 

Trp Asn Gly Phe Pro Gly Leu Pro Gly Pro Pro Gly Pro Pro Gly Met 
65 70 75 80 

Thr Val Asn Cys His Ser Lys Gly Thr Ser Ala Phe Ala Val Lys Ala 

85 90 95 

Asn Glu Leu Pro Pro Ala Pro Ser Gin Pro Val He Phe Lys Glu Ala 

100 105 110 

Leu His Asp Ala Gin Gly His Phe Asp Leu Ala Thr Gly Val Phe Thr 

115 120 125 

Cys Pro Val Pro Gly Leu Tyr Gin Phe Gly Phe His lie Glu Ala Val 
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130 135 140 

Gin Arg Ala Val Lys Val Ser Leu Met Arg Asn Gly Thr Gin Val Met 
145 150 155 160 

Glu Arg Gin Ala Glu Ala Gin Asp Gly Tyr Glu His He Ser Gly Thr 

165 170 175 

Ala He Leu Gin Leu Gly Met Glu Asp Arg Val Trp Leu Glu Asn Lys 

180 185 190 

Leu Ser Gin Thr Asp Leu Glu Arg Gly Thr Val Gin Ala Val Phe Ser 

195 200 205 

Gly Phe Leu He His Glu Asn 
210 215 

<210> 2 
<211> 215 
<212> PUT 

<213> Tamias asiaticus 



<400> 2 

Met Pro Ala Gin Arg Gly Gly Ala Leu Ser Met Gly Ala Ala Gly Phe 

15 10 15 

Trp He Leu Val Leu Ser He Thr Ser Ala Leu Ala Asp Ser Asn Asn 

20 25 30 

Gin Gly Asn Ser Glu Pro Cys Gly Pro Pro Gly Pro Pro Gly Pro Pro 

• 35 40 45 

Gly lie Pro Gly Phe Pro Gly Ala Pro Gly Ala Leu Gly Pro Pro Gly 

50 55 60 

Pro Pro Gly Val Pro Gly He Pro Gly Pro Gin Gly Pro Pro Gly Asp 
65 70 75 80 

Val Glu Lys Cys Ser Ser Arg Pro Lys Ser Ala Phe Ala Val Lys Leu 

85 90 95 

Ser Glu Arg Pro Pro Glu Pro Phe Gin Pro He Val Phe Lys Glu Ala 

100 105 110 

Leu Tyr Asn Gin Glu Gly His Phe Asn Met Ala Thr Gly Glu Phe Ser 

115 120 125 

Cys Val Leu Pro Gly Val Tyr Asn Phe Gly Phe Asp He Arg Leu Phe 

130 135 140 

Gin Ser Ser Val Lys He Arg Leu Met Arg Asp Gly He Gin Val Arg 
145 150 155 160 
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Glu Lys Glu Ala Gin Ala Asn Asp Ser Tyr Lys His Ala Met Gly Ser 

165 170 175 

Val He Met Ala Leu Gly Lys Gly Asp Lys Val Trp Leu Glu Ser Lys 

180 185 190 

Leu Lys Gly Thr Glu Ser Glu Lys Gly He Thr His He Val Phe Phe 

195 200 205 

Gly Tyr Leu Leu Tyr Gly Lys 
210 215 

<210> 3 
<211> 196 
<212> PRT 

<213> Tamias asiaticus 
<400> 3 

Met Thr Asp Val Trp Arg Leu Ala He Phe Val Leu Met Val Asn Val 

15 10 15 

Leu Asn Asp Gin Val Ser Cys Ser Gly Pro Pro Gly Pro Val Gly Tyr 

20 25 30 

Pro Gly Val Pro Gly Val Pro Gly Pro Arg Gly Pro Pro Gly Gin Pro 

35 40 45 

Gly Ala Ala Gly Arg Pro Gly Asp Pro Gly Pro Lys Gly Pro Ser Val 

50 55 60 

Lys Cys Pro Cys Arg Glu Arg Ser Ala Phe Thr Val Lys Phe Ser Gly 
65 70 75 80 

Arg Leu Pro Pro Pro Ser Glu Pro Val Val Phe Thr Glu Val Leu Tyr 

85 90 95 

Asn Thr Gin Arg Asp Leu Lys Glu Ser Thr Gly Val Phe Asn Cys Val 

100 105 110 

Glu Pro Gly Asn Tyr His Phe Ser Phe Asp Val Glu Leu Tyr His Cys 

115 120 125 

Lys Val Lys He Gly Leu Met Lys Asn His He Gin Val Met Glu Lys 

130 135 140 

His Gin Leu Ser Lys Asn Glu Tyr Glu Asn Ala Ser Gly Ala Met He 
145 150 155 160 

Met Pro Leu Arg Gin Gly Asp Lys Val Trp Leu Glu Ala Asp Val Glu 

165 170 175 

Thr Glu Glu Pro Asp Gin Ala Lys Val Val He Tyr Phe Ser Gly Phe 
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180 185 190 

Leu He Ser Ser 
195 

<210> 4 
<211> 413 
<212> PftT 

<213> Tamias asiaticus 
<400> 4 

Met Pro Ser Ser He Ser Trp Gly Leu Leu Leu Leu Ala Ala Leu Ser 

15 10 15 

Cys Leu Gly Pro Gly Ser Leu Ala Gin Asp Ala Gin Glu Thr Glu Ala 

20 25 30 

Ser Lys Gin Asp Gin Glu His Pro Ala Ser His Arg lie Ala Pro His 

35 40 45 

Leu Ala Glu Phe Ala Leu Ser Leu Tyr Arg Val Leu Ala Arg Gin Ser 

50 55 60 

Asn Thr Thr Asn He Phe Phe Ser Pro Val Ser lie Ala Ser Ala Leu 
65 70 75 80 

Ala Met Leu Ser Leu Gly Thr Lys Gly Asp Thr His Thr Gin lie Leu 

85 90 95 

Glu Gly Leu Asp Phe Asn Leu Thr Glu Met Ala Glu Ala Asp lie His 

100 105 110 

Gin Gly Phe Gin Asn Leu Leu Gin Thr Leu Asn Arg Pro Asn Thr Gin 

115 120 125 

Leu Gin Leu Thr Ser Gly Asn Val Leu Phe He His Gin Asn Leu Lys 

130 135 140 

Leu Leu Asp Lys Phe Leu Glu Asn He Lys Ser Leu Tyr His Ser Gly 
145 150 155 160 

Ala Phe Pro Thr Asn Phe Thr Asn Thr Glu Glu Ala Arg Gin Gin He 

165 170 175 

Asn Ser Tyr Val Glu Gin Gly Thr Gin Gly Lys lie Val Glu Leu Val 

180 185 190 

Lys Glu Leu Asp Arg Asp Thr Val Leu Ala Leu Val Asn Tyr He Phe 

195 200 205 

Phe Lys Gly Lys Trp Leu Lys Pro Phe Asn Val Lys Asn He Arg Glu 
210 215 220 
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Glu Asp Phe His Val Asp Glu Ala Thr Thr Val Arg Val Pro Met Met 
225 230 235 240 

Tyr Arg Val Gly Met Phe Pro Val His Tyr Cys Arg Thr Leu Ala Ser 

245 250 255 

Leu Val Leu Gin Met Asp Tyr Leu Gly Asn Ala Thr Ala He Phe Leu 

260 265 270 

Leu Pro Asp Lys Gly Lys Met Gin His Leu Glu Asp Thr He Ser Thr 

275 280 285 

Glu He Leu Ser Lys Leu Leu Lys Asp Arg Gin Thr Ser Lys Tyr Gin 

290 295 300 

Val Tyr Phe Pro Arg Val Ser lie Ser Gly Thr Tyr Asp Leu Lys Asp 
305 310 315 320 

Val Leu Ser Ser Leu Gly lie Thr Arg Val Phe Ser Arg Val Ala Asp 

325 330 335 

Leu Ser Gly Val Thr Glu Asp Ala Pro Leu Thr Val Ser Lys Val Leu 

340 345 350 

His Lys Ala Val Leu Asp Met Asp Glu Glu Gly Thr Glu Ala Ala Gly 

355 360 365 

Gly Thr Val Leu Gly Ala Glu Ala Met Leu Gin Ala Pro lie Met Lys 

370 375 380 

Phe Asp Arg Pro Phe Leu Val Val lie Tyr Glu His Asn Thr Lys Ser 
385 390 395 400 

Pro Leu Phe Val Gly Lys Val Val Asn Pro Thr Gin Gin 
405 410 
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